Experimental methods commonly used in brain research, such as transection, ablation, focal lesion, and stimulation of the higher nervous structures have disclosed not only hypothalamic control of body temperature but also temperature sensitivity of the hypothalamus per se. Several classical studies clearly demonstrated that local warming or cooling of the hypothalamus produced appropriate thermoregulatory responses. The existence of thermosensitive neurons in the preoptic and anterior hypothalamic area (POAH) was first reported in the early 1960s [44, 45] , paving the way for neurophysiological studies on thermoregulation.
Experimental methods commonly used in brain research, such as transection, ablation, focal lesion, and stimulation of the higher nervous structures have disclosed not only hypothalamic control of body temperature but also temperature sensitivity of the hypothalamus per se. Several classical studies clearly demonstrated that local warming or cooling of the hypothalamus produced appropriate thermoregulatory responses. The existence of thermosensitive neurons in the preoptic and anterior hypothalamic area (POAH) was first reported in the early 1960s [44, 45] , paving the way for neurophysiological studies on thermoregulation.
A neuron that increases its steady discharge frequency at higher or lower local temperature is called a warm-sensitive or cold-sensitive neuron, respectively. The former type is encountered more frequently during microelectrode exploration. POAH thermosensitive neurons have been found not only in mammals, but also in birds, reptiles, and fish. More recent studies have revealed a wide distribution of thermosensitive neurons in the nervous system, including the midbrain, medulla oblongata, and spinal cord.
Almost all cell activities in living organisms are, of course, more or less temperature dependent. At least two tests are required to distinguish whether a particular thermosensitive neuron is involved in temperature regulation. One is whether thermal stimulation of the region containing the particular neuron evokes appropriate thermoregulatory responses. From this point of view, the midbrain is the only exception among the areas mentioned above. Another point to be examined is whether a particular neuron is specifically sensitive to local temperature. Various criteria have been proposed to classify neurons into thermosensitive and non-thermosensitive types. Neurons having thermosensitivity of at least 0.8 imp/sec °C are considered warm-sensitive and those with at least -0.6 are considered cold-sensitive [5] . Furthermore, in a brain with complex neural networks, deciding whether a neuron is a true thermoreceptor or a thermosensitive interneuron is difficult even if the neuron shows a relatively high Q1° value. These difficulties led investigators undertake in vitro studies on neuronal thermosensitivity that clearly demonstrated the presence of true thermally sensitive neurons in the POAH. The term "thermosensitive neuron" is not strictly defined and usually includes both thermoreceptors and interneurons that show Q1° values higher than 2. Although neurons can be divided into three groups, viz., warm-sensitive, cold-sensitive, and thermally insensitive, no histological or biochemical findings are currently available that deal with neuronal temperature characteristics.
Because of limited space, only papers published in the past few years will be mentioned here. For earlier works on thermosensitive neurons, refer to more comprehensive review articles [3, 13, 14].
THERMOSENSITIVITIES OF BRAIN TISSUES
In vitro studies. At normal brain temperature, most POAH thermosensitive neurons show "spontaneous" discharge of a few impulses per sec in vivo. POAH thermosensitive neurons are not only influenced by local, peripheral, spinal, and brainstem temperature, but also modified by nonthermal inputs from various parts of the brain, such as the cerebral cortex, hippocampus, and midbrain reticular formation. To record inherent activity of thermosensitive neurons, various influences from other parts of the body must be excluded.
Attempts were made to observe thermosensitivity in POAH tissue cultured in vitro [46] . POAH tissues were obtained from newborn mice and subjected to microelectrode exploration about 10 days after explantation. From 32 explants, thermosensitive responses were recorded successfully in 38 neurons, of which 33 were warm-sensitive and 5 were cold-sensitive. Either type of thermosensitive neuron, the diameter of which was approximately 10-15 um, showed steady state discharge at a given medium temperature with few signs of adaptation. The positive and negative temperature coefficients of these warm-sensitive and coldsensitive neurons were comparable to those previously reported in vivo.
Recordings of thermosensitive neurons have been made more conveniently in freshly prepared POAH tissue slices [17, 34] . The proportions of warm-sensitive, cold-sensitive, and thermally insensitive neurons were about the same as the proportions observed in intact animals. In comparing the in vitro neurons with in vivo neurons, the most distinct difference was the low firing rate (less than 10 imp/sec) of warm-sensitive neurons in tissue slices. Warm-sensitive neurons were more sensitive above 37°C and showed non-linear thermal responses in vitro. These differences might be explained by a lack of extrahypothalamic input, which would support the concept that in intact animals afferent input determines the level of firing rate and range of thermosensitivity of warm-sensitive neurons. The cold-sensitive neurons showed maximum thermosensitivity in a temperature range above 37°C [34] or below 37°C [17] . Strictly speaking, however, it must be questioned whether these neurons in isolated tissue were themselves provided with thermosensitivity or were rather interneurons driven traps-synaptically by thermo-receptors.
An attempt was made to see the effect of synaptic block on activities of thermosensitive neurons in hypothalamic slices in vitro [19] . The concentration of Ca2+ in perfusate, which was normal Krebs-Ringer solution, decreased to zero, whereas that of Mg2+ increased fivefold (6.5 mM). By this procedure, 18 of 23 warm-sensitive units and 3 of 4 cold-sensitive units responded to temperature change in a fashion similar to that in normal solution. The other 5 warm-sensitive units and the 1 cold-sensitive one lost responsiveness to temperature. These results clearly indicated that some thermosensitive neurons in the POAH have inherent thermosensitivity and that their activities are transmitted to interneurons. Similar results were reported on POAH tissue cultures [2] .
In another study on the effects of synaptic blockade [33] , thermosensitivity was retained in nearly all of the warm-sensitive neurons, but was completely lost in all of 7 cold-sensitive neurons studied with perfusion of 9.0 mM Mg2+/0.3 mM Ca2+ medium. The results on cold-sensitive neurons contrasted with those of a previous paper [19] . The reason for this discrepancy is not known. The loss of cold-sensitivity during synaptic blockade supports the view that cold-sensitivity might not be a property of the individual neuron but depends instead on intact synapses, most likely inhibitory synapses from nearby warm-sensitive neurons [5] .
Postnatal development. Postnatal development of thermosensitivity in POAH neurons was observed both in vitro [23] and in vivo [22] . In mice, cell bodies of POAH warm-sensitive neurons in which granules were diffusely distributed were ovoid in shape and about 10-17 um in diameter. Thermosensitive and insensitive neurons could not be differentiated morphologically by microscopic observation. Recordings of unit activities were made from explants cultured 10 to 34 days. The thermosensitivity of warm-sensitive neurons increased after the 18th day and decreased after the 30th day in vitro. The activity of cold-sensitive neurons was first recorded on the 23rd day of culture. In newborn rats 1 to 24 days old, warmsensitive neurons were found throughout the age span, whereas cold sensitive neurons were recorded only after the 8th day. The question arises as to whether the late appearance of cold-sensitive neurons was due to late development or to a sparsity of such neurons. Responses to extrahypothalamic temperature were only found in rats more than 14 day old.
Intracellular recordings. Thermal responses of PO neurons in the green sunfish (Lepomis cyanellus) resemble many of the responses reported for mammals [54] . Of 276 neurons, 17% were warm-sensitive, 2 % cold-sensitive, and the rest thermally insensitive. Warm-sensitive neurons were classified into 3 types according to their response curves: exponential, linear, and nonlinear. These neurons had anatomical specificity according to type. Neurons with exponential responses lay closest to the midline, then neurons with linear responses, and finally nonlinear neurons.
Intracellular recordings were made from the green sunfish [53] . Of 126 PO neurons successfully observed for 15 to 50 min, 29 were thermosensitive. As far as the potential changes were concerned, two basic types of response were observed. In warm-sensitive neurons that fired slowly at 25°C and increased exponentially to rise in temperature, the resting potential averaged 71 +2.3 mV. As in the pacemaker potential of the sino-atrial node of the heart, slow depolarization reached threshold, an action potential appeared which often overshot by 5 to 10 mV, and this was followed by hyperpolarization of about 10 mV. At constant temperature interspike intervals were very constant. With a rise in brain temperature, the decay rate of the post-spike hyperpolarization increased, giving rise to an increased firing rate. Neurons showing this type of responses appeared to be endogenously active and lack synaptic input.
All other thermosensitive neurons seemed to be synaptically driven interneurons. In linear and non-linear warm-sensitive and cold-sensitive neurons, the resting potential averaged 61 3.9 mV, spike amplitude 58+3.5 mV, and spike duration 2.3+0.3 msec at 25°C. The amplitude of the EPSP was 4.7+1.2 mV, and the number of EPSPs rose with increase in local brain temperature in warmsensitive neurons. IPSPs of 2.3±0.9 mV were prominent in cold-sensitive neurons. Action potentials were followed by after-hyperpolarizations of 2-3 mV.
Recordings in conscious animals. Single discharges from a PO thermosensitive neuron were recorded over a 20 day period with chronically implanted electrodes in an unanesthetized, unrestrained rabbit [56] . Neither basal firing rate nor mean interspike interval demonstrated daily changes. Thermosensitivity remained constant when measured early in the morning, early in the afternoon, and late at night, showing no apparent circadian rhythm. Thermosensitivity of neurons has been shown to vary according to the sleep-awake cycle in kangaroo rats [9] . During wakefulness, 70 % of the recorded cells responded to changes in local brain temperature. In non-REM sleep, 43 % of the cells tested were thermally sensitive, with the same ratio of warm-sensitive: cold-sensitive neurons as in wakefulness. During REM sleep, thermosensitivity decreased so that only 2 warm-sensitive neurons were found. These findings coincide with findings of reduced and inhibited thermoregulatory responses during non-REM and REM sleep, respectively.
Thermoregulatory function of birds has been known to be different from that of mammals. Cooling the hypothalamus in birds caused paradoxical thermoregulatory responses: onset of panting and suppression of shivering. Studies in high Q1° units in the conscious duck's hypothalamus revealed that hypothalamic cooling depressed the hypothalamic neurons conveying extrahypothalamic cold signals more than those conveying extrahypothalamic warm signals. This result may explain the paradoxical response in birds [38] .
Thermosensitivity in the brain stem. Effects of serotonin on body temperature and anatomical connection to the POAH implicated the involvement of the midbrain raphe nuclei in thermoregulatoon. Neurons in the nucleus medianus raphe responded nearly exclusively to scrotal heating [29] , and the neurons were found to be warm-sensitive to local thermal stimulation as well [8, 16, 41] .
Thermal stimulation of the medulla oblongata has been known to produce appropriate thermoregulatory responses. Both warm and cold-sensitive neurons have been found in this region [26] . In slice preparations of the rat medulla oblongata [37] , warm-sensitive neurons were similar in firing rate and thermal coefficient to those recorded in the POAH of intact animals. Most cold-sensitive neurons were silent at 38°C, the majority of responses being observed in the temperature range of 30-36°C in vitro. Some medullary neurons thus have thermosensitivity, and the cold-sensitive neurons may elicit heat-producing responses against extreme cold.
EFFECTS OF CHEMICALS ON THERMOSENSITIVE NEURONS
A number of papers have been published on hypothermic and hypothermic actions of various chemicals including physiologically active substances, drugs, and pyrogenic and antipyrogenic substances. Chemicals that excite or inhibit any neurons involved in the thermoregulatory circuit may produce a rise or fall in core temperature. In these cases, an attempt should be made to determine which thermoregulatory responses are augmented or suppressed. In physiological and pharmacological studies on the actions of thermogenic and thermolytic chemicals, attention was focused mainly on the possible changes of POAH thermosensitive neurons. Chemicals were administered by local or systemic injection, iontophoresis, or perfusion.
Progesterone. As is well known, female body temperature remains elevated by about 0.5°C during the luteal phase. The rise in body temperature has been attributed to progesterone. Intravenous injection of progesterone in female rabbits decreased the firing rate of PO warm-sensitive neurons by 38-70%, 20 to 40 min after injection, and increased the firing rate of cold-sensitive neurons [51] .
Capsaicin. Capsaicin is the pungent principle in red pepper and has been known to cause dose-dependent fall in body temperature due to increased heat loss responses. Capsaicin injected subcutaneously in rats facilitated POAH warmsensitive neurons, inhibited cold-sensitive neurons, and did not affect thermally insensitive neurons [50] . After repeated injection of increasing amounts of Capsaicin, the hypothermic responses vanished. In these capsaicin-desensitized rats, local heating of the POAH failed to induce appropriate heat loss responses and the proportion of both warm and cold-sensitive neurons in the total population of neurons recorded was reduced to about half the normal value [15] .
Amines. A large number of papers were published on monoamine-induced temperature changes in the 1960s and 1970s. Responses of POAH neurons to intraventricular or direct administration of norepinephrine (NE) or 5-hydroxytryptamine (5-HT) were recorded in unanesthetized rabbits [12] . The effects of NE and 5-HT on cold-sensitive neurons were identical, regardless of injection technique, to those reported by earlier investigators. NE was facilitatory and 5-HT inhibitory. The warm-sensitive neurons were facilitated by ventricular 5-HT and inhibited by ventricular NE. Thermosensitivities were also modified by monoamines; 5-HT converted thermosensitive units into insensitive units and NE either converted cold-sensitive into warm-sensitive units or increased the sensitivity of cold-sensitive neurons.
Dopamine is known to produce a dose-dependent decrease in body temperature. The effect of dopamine on rat POAH neurons was studied in slice preparations [60] . Dopamine excited 41 % of the warm-sensitive neurons, inhibited all cold-sensitive neurons, and decreased thermosensitivity of most cold-sensitive neurons.
Morphine. Morphine was iontophoretically applied to POAH neurons in rats [1] . Warm-sensitive neurons were excited and cold-sensitive neurons inhibited by morphine. These effects were antagonized by naloxone. Responses of thermally insensitive neurons were variable and not antagonized by naloxone.
Nuuropeptides. One of the current topics in thermoregulation is the effect of neuropeptides on body temperature. The effect of beta-endorphin was observed in POAH neuron activities in unanesthetized rabbits [11] . Four of 6 warmexcited neurons, facilitated by radiant heating of the dorsal skin, were converted to warm-inhibited or unresponsive neurons. Six of 10 warm-inhibited neuron were converted to warm-excited or unresponsive neurons after microinjection of the peptide into the POAH. These results are appropriate to explain the elevation of body temperature by beta-endorphin in rabbits. Thyrotropin releasing hormone iontophoretically applied to POAH uniformly inhibited warm-sensitive neurons. Cold-sensitive neurons exhibited mild inhibition, followed by a rebound increase in firing rate [57] .
Angiotensin II injected into the PO produces a fall in body temperature. Iontophoretically applied angiotensin II excited PO warm-sensitive neurons and inhibited cold-sensitive neurons in the rat [35] .
Osmolality. To investigate a functional linkage between osmoregulation and thermoregulation, the effects of local osmolality were studied in PO thermosensitive neurons in slice preparations. In one report, about half of the warm-sensitive neurons decreased the activity to a rise in local osmolality of less than 15 mOsm/kg, but only 12 % of thermally insensitive neurons were osmosensitive [43] . The decreased activity of PO warm-sensitive neurons in hyperosmotic condition may explain, at least in part, the reduced evaporative heat loss commonly observed during dehydration. In another study, the effects of low (1 mM) glucose and hyperosmotic (4.5 mM NaCI or 9 mM mannitol) media were observed on firing rates and thermosensitivities of PO neurons in vitro. These perfusions affected onethird of the temperature-insensitive neurons and nearly half of the thermosensitive neurons, generally exciting warm-sensitive neurons and inhibiting cold-sensitive neurons [61] .
Pyrogens. Earlier papers have shown from in vivo experiments that warmsensitive neurons are inhibited and cold-sensitive neurons facilitated by pyrogen in the POAH, midbrain, or medulla oblongata. Effects of leukocytic pyrogen (LP) were studied again in PO tissue slices [6, 18] . The results obtained are consistent with and comparable to those of the in vivo studies. The fact that sodium salicylate blocks pyrogen-induced inhibition of warm-sensitive neurons was also confirmed. Prostaglandin E series (PGE) have long been regarded as neuromodulators for the development of fever. The effects of PGE on POAH thermosensitive neurons, however, have been controversial. To eliminate the depressant effects of anesthetics used in previous studies, POAH neurons were recorded in unanesthetized rabbits. Intraventricularly injected PGE2 consistently increased the firing rates of cold-sensitive neurons and decreased those of warm-sensitive neurons [10] .
49-Tetrahydrocannabinol is the primary psychoactive constituent of marijuana and is known to have a potent hypothermic action. Intravenous injection of cannabinoid decreased firing rate and increased thermosensitivity in the primary thermodetectors in cats. Both firing rate and thermosensitivity were increased in warm-sensitive neurons and decreased in cold-sensitive neurons [59] .
NEURAL INPUTS TO THERMOSENSITIVE NEURONS
Cortex. Cortical influences on thermoregulation were studied by the technique of cortical spreading depression (CSD). When a single wave of CSD entered the contralateral frontal cortex in unilaterally POAH lesioned rats, skin-cooling operant behavior was suppressed and both skin-heating operant behavior and metabolic heat production responses were augmented. Activities of POAH thermosensitive neurons were recorded under a similar experimental procedure. Twenty-two of 26 warm-sensitive neurons were inhibited and 10 of 13 coldsensitive neurons were facilitated for 1.2 to 10.4 min by a single invasion of a CSD wave. By means of a double-CSD technique, the most critical region responsible for these effects on POAH was found to lie in the sulcal prefrontal cortex [63] . These findings suggested the tonic nature of cortical influences on POAH thermosensitive neurons.
Limbic system. The repetitive stimulation of the dorsal hippocampus in the rabbit altered the activity of PO and septal thermosensitive neurons more frequently (34% of the warm-sensitive, and 47 % of the cold-sensitive neurons) than the thermally insensitive neurons (4%) [4] . The single-pulse stimulation of the ventral subiculum (VSB), a major output system from the hippocampus to the hypothalamus, affected the activity of PO thermosensitive neurons more frequently (92.1 %) than thermally insensitive neurons (71.4%) [21] . In conscious rats, bilateral electrical stimulation of the VSB was found to raise rectal temperature in a warm environment and lower it in a cold environment, suggesting that the pre-dominantly inhibitory inputs from the VSB attenuate thermosensitivity in both warm and cold-sensitive neurons of the PO [55] . The horseradish peroxidase (HRP) technique was used to histologically investigate the afferent connections to the PO [36] . HRP injected into medial or lateral PO labelled perikarya in the amygdala, septal area, intrahypothalamic nuclei, midbrain, and pons. VSB cells were labelled by medial PO injection of HRP. As in VSB stimulation, the effects of stimulating the medial forebrain bundle and mediobasal hypothalamus were predominantly inhibitory to PO thermosensitive neurons.
Brainstem. Selective stimulation of the dorsomedial reticular formation containing noradrenaline cells caused metabolic heat production and body temperature to increase. The electrical stimulation of the nucleus raphe magnus which contains serotonin had inhibitory or no effect on thermoregulatory responses evoked by slight cooling. The effects of electrical stimulation of these two brainstem areas were observed on POAH neurons of guinea pigs [7] . Type a neurons facilitated by skin cooling were suppressed by stimulation of the nucleus raphe magnus but not of the reticular formation. Type c neurons responding to skin warming were facilitated by stimulation of the nucleus raphe magnus and inhibited by the reticular formation. These results agree with the findings that noradrenaline is inhibitory and serotonin facilitatory to POAH warm-sensitive neurons [20] . Type a neurons in the rostral hypothalamus appear to be connected to a serotonergic pathway, and type c in the caudal area to both serotonergic and adrenergic pathways. Similar studies were made on the median raphe nucleus (MR), which projects axons directly to the POAH [40] . Electrical stimulation of the MR at 10 Hz for a few seconds in rats increased the firing rates of warmsensitive neurons and decreased the rates of cold-sensitive neurons. Conduction time from the MR to the POAH measured by single pulse stimulation ranged between 2 to 52 msec, usually less than 12 msec. Neurons in the MR can be assumed to either detect midbrain temperature or receive thermal signals from the skin and convey them to the POAH via not only monosynaptic serotonin pathways but also polysynaptic pathways.
Medullary thermosensitive neurons are also influenced by temperature of the POAH, lateral midbrain, and spinal cord, responding by altering firing rate and thermosensitivity [42] .
Skin. The effects of spinal and skin temperature were observed on the firing rates and thermosensitivities of PO neurons [5] . Thermally insensitive neurons in the POAH tended to fire at very low rates, usually less than 5/sec, and received very little peripheral input. In contrast, most thermosensitive neurons received ample afferent input from peripheral thermal receptors. At neutral peripheral temperatures, firing rates of warm-sensitive neurons were medium and these neurons maintained an essentially constant thermosensitivity both above and below normal brain temperature. This activity is postulated to control heat retention responses, such as skin blood flow and other thermoregulatory behavior that functions outside the thermoneutral zone. This idea was based on corresponding observations of whole-body thermoregulatory responses. When peripheral cooling decreased the firing rates of warm-sensitive neurons, an increased PO thermosensitivity was observed over the higher range of brain temperatures. These warm-sensitive neurons most likely control heat loss responses such as panting and sweating. Warm-sensitive neurons particularly thermosensitive to low brain temperature and nearly insensitive to high temperature may have inhibited cold-sensitive neurons and controlled metabolic heat production, such as shivering and nonshivering thermogenesis. It has been postulated that cold-sensitive neurons per se might not be sensitive to falls in local temperature.
Scrotum. Scrotal warming has been known to elicit heat loss responses in various animals. The scrotum of the rat makes a good preparation to investigate the effect of peripheral heating and cooling, because thermal stimulation can be controlled precisely and a large number of neurons in POAH respond to scrotal temperature [27, 48, 49] . A striking finding was that 74 % of POAH warmsensitive neurons and 73 % of cold-sensitive neurons were influenced by scrotal warming and cooling, respectively. All of these responses were observed at scrotal temperatures above 30°C, and most POAH neurons were activated in a temperature range of 36-39°C, indicating that the responses are due to afferents from scrotal warm receptors. Another notable feature was that the firing rates of thermosensitive neurons varied from minimum to maximum with scrotal temperature changes of less than 4°C.
The threshold scrotal temperature at which POAH neurons abruptly changed activity was distributed in a temperature range of 32-40°C. These data, however, were gathered from different animals or from the same animal at different times. At a given moment in an individual animal, neurons might abruptly change their activity in response to scrotal warming at the same threshold temperature. This possibility was tested by an experiment in which activities of associated neuronal pairs, one neuron in the hypothalamus and the other in the thalamus, were recorded together [30] . Close inspection of the data revealed that the threshold temperatures of each neuron pair were identical, no differences exceeding 0.8°C. Experiments such as this are necessary because neuron activities are subject to extraneous factors not always controllable by the investigator. In experiments on scrotal temperature, the effects of anesthesia or of the thermal condition of parts of the body other than the scrotum are difficult to control.
Scrotal warming was found to produce desynchronization of cortical EEG. The EEG changes occurred at about the same scrotal temperature at which responses of diencephalic neurons were elicited. This suggests that in rats, scrotal warming above 36°C, although at first sight innocuous, may be harmful to spermatogenesis and thus functions as an alarm signal. Indeed, both in the POAH and in the ventrobasal complex of the thalamus, neurons excited and inhibited by noxious stimulation were excited and inhibited by scrotal warming as well [32] .
Microinjection of morphine into the midbrain periaqueductal grey suppressed the responses of POAH and thalamic neurons not only to noxious stimulation but also to scrotal warming [31] .
EXTRA-POAH NEURON ACTIVITIES INFLUENCED BY PO TEMPERATURE
Cortex. The sulcal prefrontal cortex, which influences POAH thermosensitive neurons, is itself affected by thermal stimulation of the POAH and of the scrotum [62] . Of 102 cortical neurons, 87 units responded to changes in scrotal temperature and 77 units to hypothalamic temperature. A total of 73 % of the cortical neurons responded to both temperature changes, indicating the important role of this cortical area in processing and integrating thermal signals.
Hypothalamus. Thermoregulation is one of the regulatory functions that maintain homeostasis in the living organism. Complex mutual interaction must be taking place among various systems, but investigations among these interdisciplinary areas have been rather limited, certainly as far as neurophysilogical studies are concerned. A series of experiments on hypothalamic neuron activities has been performed in the author's laboratory aiming to explore possible functional correlations between temperature and other regulatory circuits. The effect of PO thermal stimulation was observed on neurons of the lateral hypothalamus (LH) in the rat [64] . By electro-osmotic application of glucose, 22 of 54 neurons were inhibited. Twelve neurons out of these 22 were facilitated by PO cooling. Of 17 neurons unresponsive to glucose, 12 were not influenced by thermal stimulation. Similar studies were made on ventromedial hypothalamic (VMH) neurons [52] . Sixteen of 22 neurons facilitated by glucose were also facilitated by a rise in PO temperature. Of 21 LH neurons inhibited by glucose, 20 responded to scrotal thermal temperature, and those LH neurons facilitated or inhibited by scrotal warming were mostly likewise facilitated or inhibited by PO warming [24] . Almost all VMH neurons facilitated by glucose responded to scrotal thermal stimulation. Most of the VMH neurons facilitated or inhibited by scrotal warming were likewise facilitated or inhibited by PO warming [47] . These results suggest that thermal signals from the PO and from the scrotum are conveyed to the LH and to the VMH and could influence feeding control [25] .
The POAH thermal signals influence the activities of neurosecretory cells [39] . Twenty-six of 48 paraventricular cells and 8 of 19 peraventricular cells identified by antidromic stimulation of the pituitary stalk were responsive to POAH thermal stimulation. Eighteen of them increased and 10 decreased by firing rate statically during POAH warming. Six cells transiently changed their activity during the thermal stimulation. Among them, 2 of 3 intermittently bursting cells, which are considered to secrete antidiuretic hormone, increased the activity in response to POAH warming.
Food and water are essential to heat production and heat loss, respectively.
The above findings indicating functional linkage between different regulatory systems may be regarded as examples of feed-forward control in the living body. Brainstem. Recording efferent signals to thermoregulatory effectors has been rather limited. In the rostral midbrain area lateral to the red nucleus were found neurons responding to POAH thermal stimulation. These responses were attributed to efferent signals from POAH thermosensitive neurons subserving shivering [58] . Lesion experiments abolishing the vasodilatory responses elicited by PO electrical stimulation or PO microinjection of capsaicin provided results suggesting that the majority of the fibers subserving cutaneous vasodilatoon in rats pass through the ventromedial part of the brainstem. In a successive experiment, discharges of medial medullary neurons were recorded in and around the nucleus reticularis gigantocellularis and the effects of PO warming, scrotal warming, and capsaicin were tested. Of 33 neurons in which effects of these stimuli were successfully observed on the same neuron, 23 showed similar responses. Of these, 19 were facilitated and 4 inhibited. These neurons appear to participate in the vasomotor control of the rat's tail under the overriding influence of the hypothalamus [28] .
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